ABSTRACT DI, a nonhistone chromosomal protein rich in both basic and acidic amino acids, has been localized at a limited number of specific loci in polytene chromosomes of Drosophila melanogaster. H2B, a nucleosomal histone, and Hi, a nonnucleosomal histone, are both found throughout most chromosomal regions. Study of the role of proteins in gene function in eukaryotes has been hampered by the complexity of chromatin. Thus, whereas many proteins have been detected in purified chromatin preparations, none of them has yet been shown to be associated with specific genetic loci. We have now been able to localize by immunofluorescence a nonhistone protein in the polytene chromosomes of Drosophila.
20-hr embryos of Drosophila melanogaster Oregon R as described elsewhere (4, t) . Protein DI was obtained from embryo chromatin together with histone Hi by acid extraction followed by precipitation of other proteins by 5% perchloric acid. It was separated from Hi by preparative gel electrophoresis. This isolation yields a single electrophoretic component in acid urea gels ( Fig. 1 ) and in sodium dodecyl sulfate gelst.
Preparation of Sera Against DI, HI, and H2B. Rabbits were immunized (9) with a suspension of protein (83 ,g of Di, or 240 ,gg of HI, or 185 .sg of H2B) and yeast RNA (except in the case of HI) in 1 ml of phosphate-buffered saline (0.14 M NaCl, 10 mM sodium phosphate pH 7.3) and 1.5 ml of complete Freund's adjuvant. Yeast RNA type VI was obtained from Sigma Chemical Co. This inoculum was mixed for 5 min with a Vortex mixer and injected subcutaneously in the back at multiple sites. Booster shots were given 2, 7, and 9 weeks later (the last two injections with half the amount of protein-RNA complexes) and sera obtained 1 week after the last inoculation.
Immunodiffusion Analysis of Rabbit Sera. Double immunodiffusion (10) on microscope slides (I1) was performed in 1.5% agarose gels containing 0.14 M NaCl, 2 mM MgCl2, 0.1 mM CaCl2, and sodium 5,5'-diethylbarbiturate at pH 7.3 (12) . Agar is unsuitable for this purpose because it contains a component that precipitates histones. The antiserum against Di showed little or no crossreactivity with the histones (Fig. 2) . Antisera prepared against Hi and H2B showed no crossreactivity with H2B and HI, respectively, or with DI, and little or no crossreactivity with other histones.
Absorption of Immune Sera. Antisera were treated with appropriate histone-RNA complexes to remove crossreacting antibodies. These histone-RNA complexes (1:1) (14) .
Binding of Antibodies to Polytene Chromosomes and Visualization of Bound Antibodies. Sera absorbed as described above were diluted with phosphate-buffered saline (ko for DI, '/40 for either HI or H2B) and applied to the squashes, which were then covered with cover slips. Incubation in a humid chamber for I hr was followed by extensive washing in phosphate-buffered saline ( (Fig. 3, right panel) . This indicates a high degree of specificity of the antiserum against DI, suggesting that even the low-level staining, at many sites, of D. melanogaster chromosomes is due to the presence at these sites of DI or of proteins very closely related to it.
Results of control experiments to assess the immunological specificity of staining are shown in Table 1 . The use of antiserum against H2B that had been treated with H2B-RNA complexes (0.5 ,tg of H2B per gl of serum) did not yield fluorescence; in contrast, treatment of antiserum against H2B with histones Hi, H2A, H3, and H4 complexed with RNA (0.5 ,ug of each histone per gl of serum) had no effect on the fluorescence. Similarly, no blocking of antiserum against DI was obtained by treatment with a mixture of all histones, nor of antiserum against HI by treatment with RNA complexed with H2A, H2B, H3, and H4. These results indicate that the fluorescence response in the chromosomes is specific for the antigen.
The chromosomal regions stained intensely by antiserum against Di are seen at higher resolution in Fig. 4 . In the case of visualization with antiserum against Di, two intensely fluorescent regions can be seen at the base of 3R and two in chromosome 4. This pattern is reproducible and was observed in salivary gland chromosomes from late third instar larvae and from prepupae. In contrast, antisera against HI and H2B stain all the bands resolvable with phase contrast optics.
The general distribution of H2B throughout the chromosomes supports the current view that this histone is part of an oligomeric unit associated with all of the DNA (16) (17) (18) . On the other hand, Hi is not considered to be part of the oligomer and no indication of its distribution has been available. Our method shows HI to be distributed throughout every chromosomal region, although not necessarily in constant proportion to H2B.
The ubiquitous staining of chromosomal regions by antibody against H2B is a good test of the accessibility of proteins in these chromosome preparations, since H2B in chromatin is much less accessible to antibodies than is Hi (19) and is also more difficult to extract than either Dit or HI (20) (21) (22) . It seems likely that the acid conditions used in spreading the chromosomes increases the accessibility of the proteins. The possibility still remains that some sites are not available to antibodies. Chromosomes fixed under a variety of conditions (1-5% formaldehyde for 1-20 min at 4°-22°) show essentially identical fluorescent patterns when stained with antibody against D1, thus suggesting that the fixation procedure adopted is sufficient to prevent significant loss of protein Di. DISCUSSION The method presented here for the preparation of polytene chromosome spreads for immunofluorescence is a compromise in that the formaldehyde treatment used to prevent loss of proteins renders the chromosomes difficult to spread and thus hampers identification of some fluorescent regions. Nevertheless, it has permitted us to identify the regions that fluoresce most brightly with antibody against D1 as 81F and 83C-E in chromosome 3R and two regions in chromosome 4 [Bridges standard map (23) ]. The marked difference in intensity between those few fluorescent sites near the chromocenter and the faintly fluorescent sites scattered through the genome is most simply interpreted as due to a difference in D1 content between these two classes of sites. This interpretation is supported by the results reported here, although the accessibility of the protein for reaction with the antibody may still be a factor worthy of investigation.
If we interpret subjective fluorescence intensity as an indicator of the relative concentration of the primary antigen, it would appear that a disproportionately large fraction of the D1 is localized in a few short regions of the genome, with the remainder widely distributed over all the chromosomes. The restricted distribution of D1 implies that the Dl-containing regions share structural features capable of recognizing this protein. at chromocentral regions and at many other loci interspersed along the chromosomes (24) (25) (26) (27) (28) (29) (30) . Precise localization of such DNA sequences might help in determining whether DI is associated with specific nucleotide sequences. (Fig. 4) . Salivary gland chromosomes of D. melanogaster stained with quinacrine are reported to exhibit brightest fluorescence at subsections 8WF and 83D in chromosome 3, and 101 and 102D in chromosome 4 [these regions, with the exception of 83D, have been shown to be Hoechst bright as well (39) ].* The quinacrine bright regions coincide with the principal binding sites for antibody against DI. The fluorescence of the dyes is enhanced by adenylate-and thymidylaterich DNA (35, 36, 38) , although, as Holmquist has pointed out, adenylate and thymidylate richness is not alone a sufficient property to account for fluorochrome brightness (39) . These observations suggest that nucleotide sequences rich in adenylate and thymidylate might be a property of D1 sites. An answer to this question is important, because identification of proteins associated with repetitive DNA sequences would be valuable for studies of the functional role, or roles, of this class of DNA, a class that may be involved in gene regulation (40) .
The method described here § permits localization of proteins at the level of resolution of the chromomere. The application of this method to other nonhistone proteins, to histone variants (4, 41, 42) , and to modified histones should make accessible detailed knowledge of the organization of proteins in the eukaryotic genome.
